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Abstract. This retrospective cohort study evaluated the postoperative outcomes of
preoperatively planned positional changes for Le Fort I osteotomy in 77 patients
(average age 26.6 years). Movement relapse and planning accuracy were evaluated
by lateral cephalometric analysis, with an average follow-up of 257 days. In one-
segment osteotomy cases, 73% of the horizontal movements were positioned within
2 mm of the surgical plan. With posterior–inferior repositioning of the maxilla,
results fell within 2 mm of the prescribed plan in 60% of cases. Maxillary
advancement and superior repositioning proved more stable than inferior maxillary
repositioning. Relapse did not differ between three-piece and one-piece osteotomies
for any movements; however, in three-piece cases, only half of the positional
changes on average stayed within 2 mm of the prescribed surgical plan. Relapse did
not vary with bone grafting among the groups. To summarize, in most Le Fort I
osteotomy cases, the surgical plan is achieved within 2 mm, with posterior extrusion
of the maxilla showing the greatest deviation both in reaching the target and
maintaining the result achieved. Although maxillary segmentation makes the
surgical plan more difficult to achieve, the results are at least as stable as those of
one-piece osteotomies.Please cite this article in press as: Meewis J, et al. Reaching the vertical versus horizontal ta
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Fig. 1. The different landmarks used for lateral cephalometry.Accurate and realistic orthognathic treat-
ment planning has been developed by
combining measurements from cephalo-
metric tracing with patient data. To outline
treatment objectives, Downs started with
the radiographic analysis of the dentofa-
cial profile1,2. Following this, the tracings
were also used after surgery to check
whether the predicted surgical results
had been achieved3.
The correction of dentofacial deformi-
ties is often achieved by single- or double-
jaw orthognathic surgery. When orthodon-
tic treatment alone is not enough, reposi-
tioning of the maxillomandibular complex
is the best treatment option. Over the
years, these procedures have become stan-
dard of care for achieving satisfactory
functional and aesthetic results. Antero-
posterior discrepancies are corrected by
advancement or setback of the jaws, while
vertical discrepancies require superior or
inferior repositioning of the maxilloman-
dibular complex.
Numerous studies have described the
stability of these surgical movements by
radiographic analysis4,5. The results of the
surgery can be maintained by rigid inter-
nal fixation (RIF)6; however, inferior
repositioning of the maxilla is considered
to be relatively unstable, with reported
relapse rates of 37% to 100%7,8. Although
interpositioning of bone grafts has been
suggested to reduce this tendency to re-
lapse9, other studies have been unable to
confirm an association between bone
grafting and skeletal stability6. In addition,
there is no general consensus regarding the
difference in relapse between single-piece
and three-piece maxillary osteotomies5,10.
Several studies have investigated the
relationship between planned positional
changes in the hard tissue and actual
outcomes11–16, but few have analyzed ac-
curacy and relapse according to the type of
planned surgical movement4. The aim of
this study was to evaluate the immediate
postoperative outcome of preoperatively
planned positional changes and assess the
long-term skeletal stability of different
maxillary movements via lateral cephalo-
metric analysis.
Materials and methods
Patients
This study followed the Declaration of
Helsinki regarding medical protocol and
ethics and was approved by the Ethics
Committee of the University Hospitals
Leuven. A retrospective cohort study de-
sign was used to evaluate whether the
planned surgical movement was achievedPlease cite this article in press as: Meewis J,
osteotomy is more difficult, but yields compaand to assess the skeletal stability of
patients who had undergone a Le Fort I
maxillary osteotomy in the Department of
Oral and Maxillofacial Surgery at Univer-
sity Hospitals Leuven.
The initial study sample consisted of all
patients who had undergone a Le Fort I
surgical procedure between 2013 and Sep-
tember 2016. Of the 208 patients initially
identified, 77 were included. The main
reason for the exclusion of a large number
of these patients was that only patients for
whom standardized digital lateral images
were obtained with the same X-ray ma-
chine (Planmeca ProMax) were consid-
ered, in order to guarantee the accuracy
of the digital superimposition. During the
investigation period, an additional X-ray
machine was installed in the department,
leading to some additional data withdraw-
al.
Inclusion criteria encompassed patients
who had undergone a Le Fort I surgical
procedure (single-piece or three-piece)
between January 1, 2013 and September
1, 2016, including patients planned for
monomaxillary and bimaxillary surgical
procedures. Patients with craniofacial
anomalies such as cleft lip and palate,
those who had undergone mandible-first
procedures, and those who had experi-
enced pre- or postoperative trauma were
excluded. All patients were treated by one
surgeon (CP) using the same orthognathic
surgery protocol. Adequate radiographic
and clinical documentation was ensured
before inclusion.
All patients received pre- and postoper-
ative fixed orthodontic appliances. Only
RIF with miniplates (KLS Martin) was
used. Predictor variables were the length
of follow-up, sex, magnitude of the move-
ment, use of a bone graft, and type of et al. Reaching the vertical versus horizontal ta
rably stable results to one-segment osteotomy, movement. Outcome variables were skel-
etal relapse and whether or not the plan-
ning was achieved. Planning accuracy and
lateral cephalometric changes were inves-
tigated using data from the preoperative
(T0), immediate postoperative (T1), and
6 months postoperative (T2) assess-
ments.
Image acquisition
It was ensured that every lateral cephalo-
gram was taken with the same X-ray
machine. Standardized digital lateral
cephalograms were obtained using a Plan-
meca ProMax 2D S2 (68 kV, 10 mA) X-
ray machine.
Image analysis
Images from each of the three time points
were used. The digital images were
imported into the image analysis software
program OnyxCeph (Image Instruments
GmbH, Chemnitz, Germany), where they
were traced using the same protocol (Figs
1 and 2); superimposition was then
achieved over the cranial base. Every
image was calibrated to a reference line.
Cephalometric landmarks used for max-
illary assessment were A-point, posterior
nasal spine (PNS), upper incisor crown tip
(U1), and mesial cusp of the maxillary first
molar (U6). In total, 408 tracings were
done. To evaluate planning accuracy, the
movement of U1 and U6 between T0 and
T1 was studied and compared to the ante-
rior and posterior planning in the horizon-
tal and vertical dimensions. The
movement of A-point and PNS between
T1 and T2 was studied to evaluate average
relapse.rget position in multi-segmental Le Fort I
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Fig. 2. Images obtained at T0, T1, and T2, as traced in OnyxCeph. A reference line can be seen
in the upper right corner. Landmarks used for the linear measurements were A-point, posterior
nasal spine (PNS), upper central incisor crown tip (U1), and mesial cusp of the maxillary first
molar (U6).Thirty randomly selected lateral cepha-
lometric images were traced a second time
by the same observer to determine the
reliability of the cephalometric measure-
ments. A mean difference of less than
0.4 mm was found in the horizontal and
vertical directions for each of the maxil-
lary bony points.Please cite this article in press as: Meewis J,
osteotomy is more difficult, but yields compaThree-dimensional (3D) planning
A 3D-printed final occlusal splint was
designed using the protocol described by
Shaheen et al.17. Computed tomography
(CT) images (in DICOM format) of the
dentofacial complex were imported and
segmented (maxilla, mandible, skull) et al. Reaching the vertical versus horizontal ta
rably stable results to one-segment osteotomy,using Proplan (Materialise, Leuven,
Belgium), the software used for the 3D
virtual planning. The dental arch models
were scanned with an optical scanner
(Activity 885; SmartOptics, Bochum,
Germany) and saved as stereolithography
(STL) files. Augmented models of the
upper and lower jaws were created. Virtu-
al osteotomies and planning were per-
formed. 3-matic software (Materialise)
was then used to design the final surgical
splint, which was 3D-printed using an
Objet Connex 350 printer (Stratasys, Eden
Prairie, Minnesota, USA). Although 3D
planning was carried out for visualization
and simulation purposes as the 3D printed
intermediate splint was not yet validated at
that phase.
Two-dimensional (2D) cephalometric
analysis was chosen for this study, be-
cause the surgical follow-up protocol
did not include cone beam CT (CBCT)
images by default at 6 days postoperative;
however, the protocol was later adjusted
and CBCT images are now taken at 6 days
postoperative. To check the validity of the
cephalometric measurements, the data of
10 randomly selected patients with CBCT
images were analyzed in 3D using Amira
software (FEI, Hillsboro, OR, USA). First,
the postoperative CBCT was registered to
the preoperative CT using voxel-based
registration with mutual information on
the cranial base. Then cephalometric land-
mark U1 was identified on the preopera-
tive CT and the registered postoperative
CBCT. The horizontal and vertical displa-
cements were calculated.
Surgical procedures
All patients were treated with fixed ortho-
dontic appliances before and after surgery.
A maxillary Le Fort I osteotomy was
performed first in all 77 patients, as de-
scribed by Bell et al. (1988)18 and Politis
(2012)19. Ten of the maxillae were further
sectioned into three segments with an
ultrasonic device (Piezotome) and chisel.
A self-drilling 16-mm titanium screw was
placed at nasion as an external reference
point, and the maxilla was repositioned
using the intermediate surgical splint. Af-
ter its final position had been checked by
repeated measurements of the distance
between the nasion screw and the central
incisor tip, the maxilla was stabilized
using four L-shaped miniplates with
monocortical screws. The anteroposterior
and transverse dimensions were controlled
with the use of the intermediate surgical
splint.
Prior to surgery, study models were
mounted in a semi-adjustable articulatorrget position in multi-segmental Le Fort I
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Table 2. Difference between T1 and planning (<2 mm, 2–4 mm, 4 mm); number and
percentage of patients. Patients are grouped by movement of planning and surgical complexity.
Total n
<2 mm 2–4 mm >4 mm
n % n % n %
Horizontal advancement One-piece 62 45 73 15 24 2 3
Three-piece 10 4 40 5 50 1 10
Anterior intrusion One-piece 24 16 67 6 25 2 8
Three-piece 3 2 67 1 33 0 0
Anterior extrusion One-piece 32 27 84 4 13 1 3
Three-piece 5 3 60 2 40 0 0
Posterior intrusion One-piece 21 14 67 7 33 0 0
Three-piece 5 2 40 3 60 0 0
Posterior extrusion One-piece 30 18 60 10 33 2 7
Three-piece 3 2 67 1 33 0 0and model surgery was completed, after
which the surgical splints could be pro-
duced. Following maxillary repositioning,
the mandible was repositioned using bi-
lateral sagittal split osteotomies in 66
patients, in accordance with the method
of Epker20. A final surgical splint was
designed using 3D software analysis. Af-
ter positioning of the final surgical splint,
intermaxillary fixation (IMF) was applied
and the mandible was stabilized with four-
hole miniplates. The rigid IMF was re-
leased when a stable occlusion could be
established. Elastic IMF was continued
postoperatively for 1 week. The final sur-
gical splint was kept in place for approxi-
mately 6 weeks.
Bone grafts were used in all three-piece
Le Fort I osteotomies and in all inferior
repositioning of the maxilla, whether an-
terior, posterior, or both. Bone grafts were
also used in the lower jaw after bilateral
sagittal split procedures creating an osteot-
omy gap of >10 mm in patients over 30
years of age.
Statistical analysis
The statistical analysis was performed by a
certified statistician (W. Coucke). A sim-
ple linear regression line was fitted be-
tween the actual and planned movements.
A separate regression line was calculated
for each geographic point and direction of
movement separately. Differences from
the 45 line were assessed for intercept
and slope separately with a hypothesis test
that compares the intercept with 0 and the
slope with 1. Assumptions of linearity of
the relationship and normality of residuals
were assessed by means of a residual dot
plot and a normal quantile plot. Groups
were compared using a linear mixed mod-
el with the patient as the random factor and
the grouping factor and covariate as fixed
crossed factors in the case that data from
the same patient appeared in both compar-
ison groups, e.g., for comparison of move-
ments of specific locations. When data
from different patients were compared,
e.g., of large with small movements, an
analysis of variance (ANOVA) model wasPlease cite this article in press as: Meewis J,
osteotomy is more difficult, but yields compa
Table 1. Number of different surgical proce-
dures included in this study.
Le Fort I procedures 77
One-piece 67
Advancement 62
No advancement/ no setback 5
Anterior extrusion 32
Posterior extrusion 30
Anterior intrusion 24
Posterior intrusion 21
Three-piece 10fitted with the grouping variable and the
covariate as fixed crossed factors. In both
cases, a normal quantile plot of the resi-
duals and a residual dot plot were used to
assess model assumptions. Comparisons
were corrected for simultaneous hypothe-
sis testing according to Sidak. In the eval-
uation of the 2D cephalometric tracing, a
Wilcoxon test was performed to compare
the accuracy of the movement of the U1
landmark for 2D tracing and 3D measure-
ments.
Results
Of the 77 patients meeting the criteria for
this study, 67 underwent bimaxillary sur-
gery. 10 maxillae out of the 77 were
further segmented into three pieces (Table
1). The average age of the patients at
operation was 26.6 years (range 15–61
years). Cephalometric imaging was per-
formed at an average 45.6 days preopera-
tive, 6.3 days postoperative at T1, and
256.6 days postoperative at T2.
Comparing the accuracy of the move-
ment of the U1 landmark between 2D
tracing and 3D measurements, no signifi-
cant difference was found for the vertical et al. Reaching the vertical versus horizontal ta
rably stable results to one-segment osteotomy, 
Fig. 3. Horizontal advancement for all one-piec
planned was equal to what was achieved in t
considerable individual variation, resulting in cadisplacement (P = 0.3750) or for the hori-
zontal displacement (P = 0.4922).
Surgical accuracy
The mean planned horizontal movement
was 3.63 mm  1.69 mm, with a difference
of 0.19 mm  1.95 mm between T1 and
planning. A total of 73% of the one-piece
osteotomies fell within 2 mm of the planned
horizontal surgical movement (Table 2). In
3% of cases, a surgical inaccuracy of
>4 mm was observed, and 24% fell within
the 2–4 mm interval. For three-piece osteo-
tomies, four of the 10 cases had a mismatch
of <2 mm between horizontal planning and
actual movement, five cases had a discrep-
ancy of 2–4 mm, and one case was >4 mm.
Figure 3 shows horizontal planning vs.
surgical position at T1.
The mean planned vertical movement
was 3.46 mm  2.15 mm for anterior
maxillary intrusion and 2.92 mm  1.54
mm for anterior maxillary extrusion. The
mean difference between T1 and planning
was 0.37 mm  2.06 mm for intrusion
movements and 0.16 mm  1.82 mm
for extrusion movements at U1. In one-
piece cases, 67% of the anterior intrusionsrget position in multi-segmental Le Fort I
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Fig. 4. Anterior vertical intrusion in one-piece osteotomy cases. On average, what was planned
was equal to what was achieved, but some variation was present.
Fig. 5. Anterior vertical extrusion in one-piece osteotomy cases. Anterior vertical extrusion was
achieved in most cases; some outliers were observed, but the average result was close to the ideal
line.and 84% of the anterior extrusions fell
within 2 mmoftheplannedvertical surgical
movement at U1 (Table 2).
In one-piece cases, 8% of the anterior
intrusions and 3% of the anterior extru-
sions showed a difference of >4 mm be-
tween planning and T1; 25% of the
anterior intrusions and 13% of the anterior
extrusions fell between 2 mm and 4 mm.
Figures 4 and 5 show anterior vertical
planning vs. surgical position at T1. Sur-
gical accuracy in three-piece osteotomies
was less frequent. In this group, six of the
10 cases had a mismatch of less than 2 mm
between anterior vertical planning andPlease cite this article in press as: Meewis J,
osteotomy is more difficult, but yields compa
Fig. 6. Posterior vertical intrusion in one-piece os
achieved in most cases, but considerable variatiactual movement; three cases showed a
discrepancy of 2–4 mm and one case was
>4 mm.
The mean planned vertical movement
was 2.12 mm  1.34 mm for posterior
maxillary intrusion and
2.56 mm  1.30 mm for posterior maxil-
lary extrusion. The mean difference be-
tween T1 and planning was
0.2 mm  1.81 mm for intrusion move-
ments and 1.49 mm  1.69 mm for ex-
trusion movements at U6.
In one-piece cases, 67% of the posterior
intrusions and 60% of the posterior extru-
sions fell within 2 mm of the planned et al. Reaching the vertical versus horizontal ta
rably stable results to one-segment osteotomy,
teotomy cases. Posterior vertical intrusion was
on was present.vertical surgical movement at U6 (Table
2). In 0% of the posterior intrusions and 7
% of the posterior extrusions, an inaccu-
racy of >4 mm was observed. In 33% of
the posterior intrusions and 33% of the
posterior extrusions, the inaccuracy fell
between 2 mm and 4 mm. For three-piece
osteotomies, 6 of the 10 cases had a mis-
match of less than 2 mm between posterior
vertical planning and actual movement;
four out of the 10 patients had a discrep-
ancy of 2–4 mm and none showed a mis-
match >4 mm. Figures 6 and 7 show
posterior vertical planning vs. surgical
position at T1.
Post-surgical change
Relapse of maxillary advancement was
observed at A-point and PNS, as shown
in Figure 8. For advancements <4 mm, a
relapse of 2–4 mm was observed at A-
point in 32% of cases and at PNS in
21% of cases. For advancements
4 mm, a relapse of 2–4 mm was ob-
served at A-point in 17% of cases and at
PNS in 7% of cases. A clinically highly
significant maxillary horizontal relapse
was observed in 6.5% of cases. Post-sur-
gical changes <2 mm were seen in 60–
90% of cases. Advancements <4 mm
showed more relapse than larger advance-
ments in one-piece osteotomies
(P = 0.003). No significant difference in
horizontal relapse was found when bone
grafts were used or not (P = 0.4117), or
when the maxilla was segmented into
three pieces (P = 0.7096).
For intrusions <3 mm, a post-surgical
change of 2–4 mm was observed at A-
point in 50% of cases and at PNS in
12% of cases (Fig. 9). For intrusions
3 mm, a change of 2–4 mm was ob-
served at A-point in 25% of cases and at
PNS in 0% of cases. An intrusion of 3 mm
or more showed less post-surgical change
than intrusions smaller than 3 mm, but not
significantly (P = 0.3176 for PNS;
P = 0.3273 for A-point). For intrusions
<3 mm, a clinically highly significant re-
lapse was observed in 13% of the cases at
A-point and 0% at PNS, while in larger
intrusions, this amount of relapse was
observed in 6% of cases at A-point and
25% at PNS. For intrusions <3 mm, a
relapse less than 2 mm was observed in
38% of cases at A-point and in 88% at
PNS, while for larger intrusions, this
amount of relapse was observed in 69%
of cases at A-point and 75% at PNS. No
difference in relapse between one-piece
and three-piece procedures was found
(P = 0.7681), and whether or not bone
grafts were used also had no significantrget position in multi-segmental Le Fort I
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Fig. 7. Posterior vertical extrusion in one-piece cases. Posterior extrusion of the maxilla was
almost never achieved when evaluated by cephalometric analysis at 6 days postoperative. Note
that the amount of extrusion almost never approached the desired amount.
Fig. 8. The percentage of patients with changes in the horizontal position of the maxilla from
immediate post-surgery to 6 months, according to the planning of advancement for A-point
(A) and posterior nasal spine (PNS).
Fig. 9. The percentage of patients with changes in the vertical position of the maxilla from
immediate post-surgery to 6 months, according to the planning of intrusion for A-point (A) and
posterior nasal spine (PNS). Twenty-four patients had an anterior intrusion and 21 patients had a
posterior intrusion.
Fig. 10. The percentage of patients with changes in the vertical position of the maxilla from
immediate post-surgery to 6 months, according to the planning of extrusion for A-point (A)
and posterior nasal spine (PNS). Thirty-two patients had an anterior extrusion and 30 patients
had a posterior extrusion. Note the general trend of relapse in the direction of the preoperative
position.influence (P = 0.6568 for A-point;
P = 0.4217 for PNS).
For extrusions <3 mm, a post-surgical
change of 2 mm to 4 mm was observed at
A-point in 24% of cases and at PNS in
13% of cases (Fig. 10). For extrusions
3 mm, a change of 2–4 mm was ob-
served at A-point in 20% of cases and at
PNS in 20% of cases. Large anterior
extrusions showed a higher relapse rate
than small anterior extrusions
(P = 0.0181). Large posterior extrusions
did not show a greater relapse rate than
small posterior extrusions (P = 0.8341).
For PNS, no relapse >4 mm was ob-
served. In small extrusions, the same result
was found for A-point; however, in extru-
sions of 3 mm or more, a clinically highly
significant relapse was observed at A-
point in 20% of cases.
For extrusions <3 mm, a relapse of less
than 2 mm was observed in 77% of the
cases at A-point and 86% at PNS, while in
larger extrusions, this amount of relapse
was observed in 60% and 80% of cases,
respectively. No difference was found in
relapse between one-piece and three-piece
procedures (P = 0.1107), between anterior
and posterior extrusions (P = 0.363), or
whether bone grafts were used or not
(P = 0.2105 for A-point; P = 0.6399 for
PNS). Male subjects received significantly
more bone grafts than female subjects
(P = 0.0043).
Discussion
The aim of this study was to evaluate the
immediate postoperative outcome of pre-
operatively planned positional changes
and assess the long-term skeletal stability
of different maxillary movements via lat-
eral cephalometric analysis. One of the
limitations of this study was the use of
2D analysis rather than 3D. However, the
results of 2D versus 3D analysis for U1
showed no statistically significant differ-
ence. More complex bimaxillary cases
such as multiple-piece Le Fort I would
benefit from a full 3D evaluation, as
recommended by Gaber et al.21.
The results suggest that the actual tech-
nique of Le Fort I maxillary osteotomy
provides accurate outcomes. The success
criterion, as proposed by several authors,
is a difference of less than 2 mm between
the planned surgery and the actual surgical
result17,22–25. Less than 2 mm is thought to
be clinically insignificant in conventional
lateral cephalometric analysis15,26,27 and
thus should be the surgical goal for every
patient. A difference of 2–4 mm requires
orthodontic compensation and is seen as
clinically significant22, and a difference ofrget position in multi-segmental Le Fort I
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nificant22.
In this study, three out of four single-
piece Le Fort I osteotomy cases matched
the surgical plan within 2 mm of the de-
sired position. Although considerable ef-
fort went into planning the surgery, the
surgical plan did not match the final out-
come in one out of four cases, necessitat-
ing further orthodontic compensation. A
clinically highly significant inaccuracy
was observed in 8% of anterior intrusions,
3% of anterior extrusions and 7% of pos-
terior extrusions, potentially beyond the
capacity for orthodontic compensation.
No such inaccuracy was seen for posterior
intrusions (0%). In the sagittal anterior
direction, a clinically highly significant
inaccuracy was observed in 3% of the
cases. Also, a surprisingly large percent-
age of patients showed a difference of 2–
4 mm between surgical planning and T1
(25% anterior intrusions, 13% anterior
extrusions, 33% posterior intrusions,
33% posterior extrusions). Such surgical
inaccuracies can be attributed to incorrect
localization of the reference points on the
cephalometric analysis, inaccurate trans-
fer of the planned data to the 3D cast
model, or necessary deviation of position-
ing of cast models in the articulator from
the predicted cephalogram to optimize
occlusion26,28. Inaccuracy could also oc-
cur with face-bow recording, surgical
splint positioning, and intermaxillary fix-
ation29,30.
This study showed greater accuracy for
one-piece Le Fort I procedures (three out
of four within 2 mm) when compared to
three-piece Le Fort I procedures (one out
of two within 2 mm). This result suggests
that the surgical plan is more difficult to
achieve when the maxilla is segmented
into three pieces.
Vertical anterior maxillary reposition-
ing appeared to be the most accurate
planned and executed movement (67–
84%); this is the result of repeated mea-
surements of the distance to an external
reference point at nasion. Posterior extru-
sion movements showed the highest inac-
curacy with a mean difference of
1.49 mm between planning and T1.
No other movement showed a greater
average difference between planning and
the immediate postoperative results.
These findings show that posterior ex-
trusion of the maxilla is difficult to
achieve. In a study by Jacobson and Sar-
ver13, 80% of the results fell within 2 mm
of the prediction. However, these authors
did not include maxillary extrusion move-
ments. The present study showed similar
results for the bony landmarks of thePlease cite this article in press as: Meewis J,
osteotomy is more difficult, but yields compamaxilla, with an average 16–40% showing
2 mm difference between planning and
T1 on lateral cephalometric imaging for
one-piece Le Fort I osteotomies. Inferior
repositioning of the posterior maxilla is
particularly difficult in a maxilla-first sur-
gery sequence and also because of the
inaccuracies of measurements in the pos-
terior area; even when placing bony mar-
kers at both sites of the osteotomy site, the
movement is rarely strictly vertical, so that
even the intraoral intraoperative measure-
ments remain imprecise. The results of
this study appear to favour a mandible-
first sequence and probably the use of pre-
printed plates without intermediate surgi-
cal splints in inferior repositioning of the
maxilla.
This study also suggests that with care-
ful techniques, Le Fort I maxillary orthog-
nathic surgery can be very stable. Post-
surgical change is not normally distribut-
ed. For this reason, it is highly misleading
to use statistics based on a normal distri-
bution to describe post-surgical changes31.
Most of the relapse is observed in only a
few patients. Changes of <2 mm are con-
sidered within the range of method error
and thus clinically insignificant; changes
of 2–4 mm are considered potentially clin-
ically significant, and changes over 4 mm
are clinically highly significant and often
beyond the range of orthodontic compen-
sation4. Thus, the relapse is reported as a
percentage of the cases with a post-surgi-
cal change within the ranges of 2 mm, 2–
4 mm, and 4 mm, as done by Proffit
et al.4 and Bailey et al.31. Therefore, four
classifications are suggested, as follows:
highly stable, less than 10% chance of
significant post-treatment change; stable,
less than 20% chance of significant post-
treatment change and almost no chance of
major post-treatment change; stable, if
modified in a specific way (e.g., RIF);
and problematic, with a considerable
probability of major post-treatment
change.
With advancement of the maxilla, a
post-surgical change of less than 2 mm
was seen in 60–90% of cases, depending
on the landmark and size of the advance-
ment reviewed (Fig. 8); 7–32% of the
advancements showed a post-surgical dif-
ference of 2–4 mm, and 3–10% showed a
clinical highly significant post-surgical
change of >4 mm. As can be seen in
Figure 8, changes occurred in both direc-
tions: either as a relapse back to the origi-
nal position or as a further forward
repositioning.
Based on these results, and considering
that orthodontic finishing can correct for
some of the horizontal post-surgical et al. Reaching the vertical versus horizontal ta
rably stable results to one-segment osteotomy,change, maxillary advancement is stable
with RIF. Thus, a clinically acceptable
result can be achieved in 95% of patients
for the horizontal dimension. Segmenta-
tion did not seem to prevent horizontal
relapse (P = 0.7096), and no significant
difference was demonstrated for the use
of bone grafts to prevent horizontal relapse
(P = 0.4117). The results are very similar
to those reported by Proffit et al.4, with
80% showing a postoperative change of
less than 2 mm, 20% showing 2–4 mm
change, and almost none being over
4 mm for maxillary advancements alone.
Superior repositioning of the maxilla is
frequently reported to be the most stable
orthognathic procedure with excellent
results in >90% of cases and almost no
chance of clinically significant change4,31.
In the current study, superior repositioning
of the posterior maxilla (at PNS for intru-
sion < 3 mm) appeared to be very stable
with up to 88% staying within the 2-mm
margin during the postoperative follow-up
period and almost no changes over 4 mm.
However, with superior repositioning of
the posterior maxilla at PNS for intrusion
 3 mm we noticed in 25% of the cases a
clinically significant change (> 4 mm). In
the anterior maxilla, 25–50% of the cases
showed a postoperative change of 2–4 mm
(Fig. 9). Furthermore, superior reposition-
ing of three-piece Le Fort I procedures
was as stable as in one-piece osteotomies
(P = 0.7681). A possible explanation for
the relapse of the anterior intrusion could
be the use of postoperative elastics to close
a slight anterior open bite occurring after
counter-clockwise rotation of the maxillo-
mandibular complex, or the use of post-
operative vertical elastics to the anterior
upper incisors to compensate for a slight
sagittal relapse.
Expansion of the maxilla, setback of the
mandible, and inferior repositioning of the
maxilla are the three orthognathic proce-
dures considered to be problematic, with
reported relapse of 37% to 100%4,7,8,31. Of
these three procedures, only inferior repo-
sitioning of the maxilla was reviewed in
this study, and 60–86% of the extrusions
showed a post-surgical change within the
2-mm interval (Fig. 10). This result would
suggest that maxillary inferior reposition-
ing is a stable procedure with RIF. How-
ever, an extrusion of 2 mm with a relapse
of 1.5 mm would also be classified as
stable, even though most of the result
achieved is lost. On average, the amount
of planned extrusion was less than the
amount of planned intrusion. Furthermore,
on average, the amount of posterior extru-
sion achieved was far less than the amount
of posterior intrusion achieved. This pro-rget position in multi-segmental Le Fort I
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patients showed a relapse of less than
2 mm.
Even more than advancement or super-
ior repositioning of the maxilla, the ten-
dency to postoperative change was more
towards the pre-existing status for the
inferior repositioned maxilla, as shown
in Figure 10. The size of the extrusion
seemed to play an important role in the
amount of vertical relapse for the anterior
maxilla (P = 0.0181). For the posterior
maxilla, no difference in relapse between
larger and smaller extrusions could be
observed (P = 0.8341), because a large
posterior extrusion is more difficult to
achieve; thus, the amount of relapse was
more similar between the two groups.
The present authors agree with several
others that inferior repositioning of the
maxilla is a problematic procedure4,7,8,31.
Occlusal forces play a major role in this
relapse and can be reduced by interposi-
tioning of bone grafts, bimaxillary sur-
gery, and heavy RIF to prevent
postoperative skeletal change4.
In conclusion, anterior vertical maxil-
lary repositioning follows the preoperative
plan most accurately because of repeated
intraoperative measurements to external
reference points, which all lie in the ante-
rior part of the face and the jaws. With
anterior inferior repositioning, 84% were
within 2 mm of the prescribed surgical
plan. Anterior superior repositioning
resulted in 67% falling within the 2-mm
margin. Posterior extrusion is the most
difficult movement to achieve during sur-
gery, with an average difference of
1.49 mm between planning and T1 and
only 60% falling within 2 mm of the sur-
gical plan. Maxillary advancement shows
considerable individual variation regard-
ing planning accuracy, but remains stable
afterwards. For one-piece vs. three-piece
procedures, 75% vs. 50% of cases were
found to fall within 2 mm of the predic-
tion, and no difference in relapse was
identified between the two for any of
the movements; 75% of cases remained
within 2 mm of the surgically achieved
position independent of the type of move-
ment. Finally, superior repositioning of
the maxilla is a stable orthognathic pro-
cedure, but inferior repositioning remains
problematic, and no difference in relapse
was found whether bone grafts were used
or not.
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